Abstract Retinopathy of prematurity (ROP) and infantile hemangiomas are vascular disorders that may share common mechanisms. This study examined a potential clinical association between these disorders in populations of preterm infants at two hospitals in the USA and Hungary. Clinically collected data from infants with gestational ages less than 32 weeks born between May 1, 2007 and December 31, 2010 seen in the University of Iowa Children's Hospital or the Department of Obstetrics and Gynecology, University of Pécs, were abstracted from electronic medical records and entered into a study database. Demographic and clinical variables were examined as potential covariates to the disorders of interest. Data were initially analyzed by center and then combined through meta-analysis. Six hundred eightyfour subjects were studied: 236 from Pécs and 448 from Iowa. There were no significant demographic differences between populations. Univariate analysis on each study population yielded covariates to ROP in each population, including infantile hemangioma, which were entered into a logistic regression model. These models were combined through random-effects meta-analysis and demonstrated a significant relationship between infantile hemangioma and ROP (odds ratio=1.84, 95 % confidence interval 1.08-3.12). Conclusion: Infantile hemangioma and ROP co-occur in premature infant populations. Further studies are needed to investigate the pathogenesis of both disorders.
Introduction
Retinopathy of prematurity (ROP) is an eye disease that affects the retina of the preterm infant and can cause impairment or loss of vision. It occurs in the setting of incomplete retinal vascularization at birth, a normal developmental stage in preterm infants [25, 32] . Normal visual development requires the relatively hypoxic environment of the fetus in utero [7] . When a premature infant is exposed to higher ambient oxygen levels postnatally, oxygen-sensitive growth inhibitors may halt the development of retinal vasculature before it is complete [20, 34, 36] . Compensatory cellular mechanisms stimulate continued development but are not well controlled. The result can be overgrowth of vasculature, which invades inappropriate parts of the eye and may result in fibrous scar tissue, which can damage vision [33, 39] . ROP occurs in 35-60 % of very low birth weight infants and is one of the top three causes of blindness in children [13, 19, 23] .
Infantile hemangiomas (IHs) are benign vascular tumors that develop in infancy or early childhood. Their growth phase is marked by rapid angiogenesis through exuberant proliferation of the vascular endothelium [6, 10, 14, 40] . IHs vary in size, number, and location, and they often regress without treatment [14] . A common tumor, IH occurs in approximately 5 % of infants and affects preterm populations disproportionately [1, 6, 10, 21, 29] . Although most IHs resolve spontaneously, they can become problematic in an estimated 10-20 % of cases; this occurs if their growth becomes excessive or if they obstruct vision, breathing, or eating [4, 10, 17] .
Both IH and ROP are disorders of vascular proliferation. Although IH pathogenesis is less well understood, researchers speculate it, too, may be caused by interrupted vascular development resulting in inappropriate cell proliferation [3, 15, 22, 26, 28, 40] . It is now known that hypoxia-induced mediators, such as vascular endothelial growth factor, can stimulate vasculogenesis in both ROP and IH [31] . Blockade of β-adrenergic receptors with propranolol promotes regression of IHs [6, 11] ; propranolol has also shown promise for treatment of an animal model of ROP [37] , but this finding has not yet been replicated by others [5] . Studying IH and ROP may further increase our understanding of the mechanisms of normal and abnormal vasculogenesis. A recent study of very-low-birth-weight infants found a significant association between IH and ROP [35] .
We undertook the present study to examine the concordance between IH and ROP in populations of preterm infants in the USA and Hungary. We hypothesized that preterm infants with IH are more likely to also have ROP than are those without IH. Such an association would lend credence to the idea that these two disorders may have shared pathogenic mechanisms. If this is the case, studies of strategies for preventing or ameliorating ROP should consider stratification of subjects at enrollment based on the presence or absence of IH. In addition, examination of the potential association between IH and ROP may provide new clues to the regulation of vasculogenesis and the pathobiology of these disorders.
Methods
This study was conducted on infants admitted to the neonatal intensive care units of the University of Iowa Children's Hospital and the Department of Obstetrics and Gynecology, University of Pécs. The study was done in these two centers to increase the generalizability of the results. The subjects were all infants with gestational age less than 32 weeks born between May 1, 2007 and December 31, 2010 for whom complete records were available. The study was based on analysis of data collected prospectively for clinical purposes. The study protocol was approved by the institutional review board at each center. Data were collected from the patients' electronic medical records and the local NICU databases. At the University of Iowa, additional data were collected from the records of follow-up clinic visits.
Demographic information, including gestational age, gender, birth weight, date of death if applicable, and hospital of birth, were collected and maintained in the passwordsecured REDCap™ database of the University of Iowa Institute for Clinical and Translational Science [18] .
Clinical data collected and added to this database included number of hyperglycemia episodes (glucose >150 mg/dl twice in 24 h), insulin exposure, highest serum bilirubin level, transfusion of blood products, type and duration of respiratory support, bacterial or fungal infection (sepsis, meningitis, or urinary tract infection proven by culture and treated for at least 7 days with antimicrobial agents), enteral nutrition source (breast milk feeding-any in Pécs, exclusive in Iowa), exposure to antenatal corticosteroid, and postnatal treatment with systemic corticosteroid, erythropoietin, or methylxanthine.
Data on ROP were collected by recording the highest stage of the disease diagnosed in either eye throughout the infant's hospitalization. The ophthalmological examinations were performed by trained pediatric ophthalmologists, and the 2005 International Classification of ROP was used in both centers [25] .
At the University of Iowa, data on the number and size of hemangiomas were collected by reviewing physical examination records from the period of hospitalization and followup clinic visits. At the time the examinations were performed, the present study had not yet been conceived. The date of the examination with the greatest number of hemangiomas was recorded, as well as their number, size, and location. The IH data were extracted from the examination records by an individual (RMH) who had no knowledge of the patients' ROP diagnoses. The data on hemangioma number and size were collected in Pécs only from the discharge examination.
The primary goal of this study was to look for an association between IH and ROP, so infants with missing data on either disorder were excluded. At the University of Iowa, patients without follow-up clinic visits were also excluded, as the records of physical examination at follow-up were the most reliable source of data on hemangiomas.
Data from Pécs and Iowa infants were initially analyzed separately. Chi-square tests were used to assess independence between IH and ROP. Clinical covariates were screened for relation to IH or ROP using t tests or MannWhitney U tests for continuous variables and chi-square tests for categorical variables. Covariates related to either at the p≤0.10 level were included in logistic regression models to adjust for possible confounders. In these models, ROP was treated as the outcome variable and IH and other covariates as explanatory variables. The adjusted results of the separate analyses were then combined using randomeffects meta-analysis [9] . Data were combined at the patient level between the Iowa and Pécs sites, and the relationship between ROP and IH was examined in this dataset as well. The relationship between ROP stage and IH risk was examined in the populations from both sites separately using the Wilcoxon rank-sum test.
Results
Between May 1, 2007 and December 31, 2010, a total of 897 infants with gestational ages less than 32 weeks were admitted to the NICUs at the University of Iowa Children's Hospital and the University of Pécs Obstetrics and Gynecology Hospital. Of these, 374 inborn and 75 outborn infants were admitted to UI Children's Hospital NICU, and 285 inborn infants were admitted to the University of Pécs NICU. Infants who died before discharge (n=88), did not attend follow-up visits (n= 122), or were outborn and missing ophthalmology records from the transferring hospital (n=2) were excluded. Six hundred eighty-four subjects were included in the analysis: 448 from Iowa and 236 from Pécs.
There were no significant demographic differences between the study populations from Iowa and Pécs (Table 1) .
Hemangiomas were more common in the Iowa population than among the Pécs infants (21.9 vs 7.6 %, p<0.001).
After univariate analysis of potential covariates in the Iowa population, hyperglycemia, transfusion, infection, breast feeding, postnatal corticosteroids, gestational age, birth weight, highest bilirubin, and days on oxygen were all related significantly (p≤0.10) to IH or ROP and so were eligible for entry into a logistic regression model (Table 2 ). In the Pécs population, all these variables as well as sex, antenatal steroids, and erythropoietin exposure were eligible for inclusion. Stepwise logistic regression modeling was used in each population for all covariates to build a final model.
After stepwise regression, hemangioma remained in the logistic regression model in each population but showed only a trend toward significant relation to ROP (adjusted odds ratio (OR) for Iowa 1.68 [95 % confidence interval (CI) 0.94-3.00] and for Pécs 2.92 [0.79-10.8]) (Table 3) . When the corrected associations from the two populations were combined through random-effects meta-analysis, a significant relationship between IH and ROP was detected (OR=1.84, 95 % CI 1.08-3.12) (Fig. 1) .
When the results from Praveen et al. [35] were combined with our study population, the relationship between IH and ROP was even more strongly expressed (OR=2.03, 95 % CI 1.29-3.20) (Fig. 2) . These combined results suggest that IH and ROP do not occur independently in preterm infants. The risk of IH increased significantly with increasing ROP stage in both the Iowa and Pécs populations (results not shown). 
Discussion
Our results support the hypothesized relationship between ROP and IH. IH was one of several variables in our model associated with ROP. Some of the covariates related to ROP we found were also identified in the analysis of ROP and IH association by Praveen et al. [35] , including gestational age and postnatal corticosteroid use. We found several other covariates not examined by Praveen et al. to be significant, and we included these in our model; these were breastfeeding, duration of oxygen exposure, hyperglycemia, and insulin treatment.
Many of the variables that were significantly correlated with ROP were expected. Birth weight, gestational age, and oxygen exposure were covariates in our model that were previously known to be linked to ROP risk [2, 8, 12, 16, 27, 30] . Other variables, such as erythropoietin, breastfeeding, and hyperglycemia, are less clinically established covariates to ROP but were found to be linked to ROP in one or both of our populations [24, 38] .
While most variables held similar significance in both the Iowa and Pécs populations, a few did not. For example, erythropoietin was significantly correlated to ROP in Pécs, where it was given to 139 infants, but not in Iowa, where only three received the drug.
There are several limitations to our study. Infants were screened for ROP using standardized ophthalmologic protocols in both hospitals. Whereas the case finding for ROP should be quite complete, we suspect this is not the case for IH in our centers. Most IHs do not cause clinically significant problems and may be overlooked in care provider The odds ratio was adjusted for gestational age, days on oxygen, and postnatal corticosteroids. In Iowa, it was also adjusted for birth weight and exclusive human milk feeding. In Pécs, adjustments were made for sex, highest bilirubin, insulin treatment, and antenatal corticosteroids aOR adjusted odds ratio Fig. 1 Forest plot for meta-analysis of data from current study by study site Fig. 2 Forest plot for meta-analysis of data from current study and study of Praveen et al. [35] Eur J Pediatr (2013) 172:803-809notes. Further, diagnosis of IH can be easily confused with other vascular anomalies, and misdiagnosis is relatively common [17] . Because hemangioma data collection is not standardized, it is possible that physicians in Iowa and Pécs differed in their recording practices. For example, 46 % of all Iowa hemangiomas were <0.2 cm, but none of this size was noted in Pécs. This likely reflects a difference between the centers in the size threshold for recording the presence of hemangiomas. Another potential source of ascertainment bias in the diagnosis of IH is the difference between centers in the timing of skin examinations. In Pécs, IHs were noted only on the discharge examination, whereas at Iowa, IHs were sought and recorded both at discharge and on multiple follow-up examinations, all of which were reviewed for this study. The impact of ascertainment bias, if it existed, should have been minimized by analyzing the Iowa and Pécs data separately, and the association between ROP and IH was found in both populations. Our results show that ROP and IH are likely to co-occur, but prospective studies are needed to confirm and more clearly define this association. To improve our understanding of the association of ROP and IH, further investigation into the pathogenesis of both disorders is needed. Greater knowledge of the biology of vasculogenesis in ROP and IH will increase our understanding of any overlapping mechanisms between ROP and IH.
Conclusions
Preterm infants with IH are more likely to also have ROP than are infants without IH. Further study of these conditions and their association may shed new light on the role of abnormal vasculogenesis in these disorders and on common mechanisms of pathogenesis in IH and ROP.
